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RESEARCH MEMORANDUM

PROPELLFR TNDUCED ANGLES OF ATTACK AND SECTION ANGLES OF
ATTACK FOR THE NACA 10-(3)(066)-03, 10-(3)(0k9)-03,
10-(3)(090)-03, 10-(5)(066)-03, AND
10-(0)(066)-03 PROPELLERS

By William B. Igoe and Robert E. Davidson
SUMMARY

The results of an induced-angle-of-gttack calculation obtained by
using a method applicable to propellers of arbitrary circulation distri-
bution are presented for a series of five propellers for which blade-
section pressure distribution and weke-survey measurements have been made
at various advance ratios. The propellers are the NACA 10-(3)(066)-03
propeller, the NACA 10-(3)(049)-03 propeller, the NACA 10-(3)(090)-03
propeller, the NACA 10-(5)(066)-03 propeller, and the NACA 10-(0)(066)-03
propeller. The induced angles of. attack are intended to be used to put
the dete for these propellers on a basis comparsble with two-dimensionsl
wind-tunnel data. A short description of the method of calculation is
given and results of the wake-survey measurements are included.

INTRODUCTION

A series of five propellers were tested in the Langley 16-foot high-
speed tunnel to determine blade section characteristice by measurement
of blade section pressures (references 1 to 5). Most of the tests were
made at a blade angle setting of 45° at the 0.75 radius station. In
reference 1 the test equipment is described and the purpose and extent
of the investigation are given at greater length.

In order to determine the angle of attack for the propeller sections,
induced angles of asttack have been calculated by the method of Lock
(reference 6). The results of these calculations have been presented
in the data papers (references 1 to 5). However, the circulation distri-
bution for the propellers tested usually differed from the optimum or
Betz distribubtion. Since Lock's method may be strictly applied only for
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propellers having an optimum distribution, it wes therefore Inadequate ST
and a method of calculation sultable for arbltrarily loaded propellers ' r -
was sought. The Theodorsen theory (reference 7) for calculating the :
axial interference velocity is applicable to propellers of arbitrary
circulation distribution and was used to calculate the induced angles

of attack which are presented herein. This theory refers to an arbitrary
propeller .in incompressible nonviscous flow with neither splnner body

nor wind-tunnel wsll present and is subject to the limitations of lifting-
line theory.

SYMBOLS R

The symbols used throughout this paper, some of which are defined .
in figure 1, are as follows: -

B number of blades
o blade chord, feet o
cy section 1ift coefficient Co T
cn section normal-force coefficient .-:m
D propeller dlameter, feet d
J advance ratioc (V/nD)
M Mach number of advance
b+ &Y

My helical section Mach mumber (M\[1 + (—J—) )
n propeller rotatlonel speed, revolutions per sec;nd
R propeller-tip radius, feet
r | radius to & blade element, feet . -
v o velocity of advance, feet per second - -
V1 axisl induced velocity at blade section, feet per -

second y
W axial displacement velocity of helical vortex surface

(at infinity), feet per second y
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geometric helix angle, degrees (?én‘l iL)

SN 3

induced veloclity at blade section, feet per second

fraction of propeller-tip radius (r/R)

reference polnt at which induced velocity is
calculated

Theodorsen weight functions

induced angle of attack, degrees (as celculated
using Theodorsen's theory)

induced angle of attack, degrees (as calculated by
Lock's method using Goldstein correction factors)

angle of attack of blade element corrected for 1lnduced
flow and blade deflection at radial station x

(Bx + OB - @o - ai), degrees
blade engle at station x, degrees
blade torsionsal deflection or blade twist, degrees
circulation at station x
nondimensional circulation function (BIw/V2)

circulation coefficient to first order (BDw/2ﬁVw)
contribution of gap in welght function x %g at x3

advence ratio (J/x)

=X

propeller rotational speed, radians per second

APPARATUS

The proPelier tests were made by using a 2000-horsepower dynamometer
vhich is described in reference 8. The tests are described in refer- -
ences 1 to 5. The propellers were 10 feet 1n dlameter, rectangular in
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plan form, of 8-inch chord, and were designed with NACA 16-series airfoil
sections. The propellers differed from each other in design 1ift coef-
ficient and thickness distribution. The design 1lift coefficient for

each propeller was constant along the blade radius. The thickness dis-
tributions are shown in figure 2., A full description of the propellers
may be found in references 1 to 5.

The five propellers tested are designated as follows:

NACA 10-(3)(066)-03
NACA 10-(3)(049)-03
NACA 10-{3)(090)-03
NACA 10-(5)(066)-03
NACA 10-{0)(066)-03

The digits in the above designations indicate the propeller diame-
ter, 10 feet, and describe the airfoll sections at the 0.7 radius as
follows: sectlon design 1ift coefficlent, 0.30, 0.50, or O; section
thickness ratio 0.066, 0.049, or 0.090; and the solidity per blade, 0.03.

The rake for wake-survey measurements was mounted in the tunnel radi-
ally at an angular position of 105° messured clockwise from top center
as viewed looking upstream. Measurements were teken in a plane parallel
to end 10.3% inches behind the plane of rotation of the propeller.

RESULTS

The results of the weke surveys are presented in figures 3 to T to
show the distribution of section 1ift coefficient along the blade radius.
These curves were used in the celculation of the induced angles of attack.
The lift coefficients were derived from weke-survey measurements by the
method of reference 9. The curves are presented for several advance
ratios at each constant propeller rotational speed or constant tunnel
Mach number test condlition for the flve propellers which were tested.
Figure 8 shows & loading curve for the NACA 10-(3)(090)-03 propeller at
an M= 0.65 test condition. This curve is a cross plot made from the
pressure-distribution normal-force coefficients c, and was used in the

calculatlion because the propeller wake surveys at that test condition
were too erratic to be considered rellable. B

Teble 1 is an index for the tables of induced angles of attack.
Tables 2 to 6 contailn the induced angle of attack % m and the corrected

engle of attack ay for each test polnt of the five propellers for a
blade angle setting of 45°, The values of induced angles presented in
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the tables of section characteristics in references 1 to 5 have been
calculated by the method of Lock. The present values in tables 2 to 6
should be used in place of these previously published values. Induced
angles for the test points at other blade angle settings were not cal-
culated. The one-blade-propeller results are included.

dr dq ap
= * I end x = for an advance

ratio of 2.0 are presented in tebles T to 9. The x_gz functions are

Theodorsen weight functlons x

only for the second blade of a two-blade propelier where the annular blade
spacing is 180°. These tebles are representative of the ones used in
the calculations for this paper.

DISCUSSION

In the propeller data papers (references 1 to 5) the method of Lock
(reference 6) was used to calculate the induced angle of attack for the
propellers of arbltrary load distribution. Lock's analysis is based
upon the assumption that the induced velocity is proportionsl to the
loading at any point. EHEssentially it gives the induced effects for a
Betz loading whose megnitude is the same as that of the arbitrary loading
at the point considered. This method gives good results if the arbitrary
loeding does not depart too far from an optimum or Betz loading. However,
when the arbitrary loading is considerably different from the optimum,
the results of the Lock method are less religble and a more elaborate
anglysis is necessary. Figure 9 shows the radial variation of induced
engle of attack,as calculated using Theodorsen's theory for an arbitrary
propeller loading from the NACA 10-(3)(066)-03 propeller at an advance
rgtio of 2.100 and a stream Mach number of 0.65. A comparison of this
induced angle with the result from Lock's method of calculation shows
the discrepancy which mey be expected in using Lock's method for such
a loading. The divergence is greatest near the propellier tip.

Radial loading curves.- The determination of the loading curves is
important beceuse, once these are established, the induced angles of
attack may be found by a computing process. The induced anglie for a
section depends not only on the magnitude of the circulation at the
section but alsc on the shape of the circulation distribution curve
especially in the neighborhood of the section in question. For the
present calculations, use of the propeller pressure-distribution date
to form loading curves would have been desirsble becguse the correction
must be applied to these data. But the pressure dats for the stations
along the propeller were not measured simultaneously, which introduced
the possibility of differences in sectlon Mach number and errors in
advance ratico which would alter the shape of the cross-plotted loasding.
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The wake-survey measurements which were taken during the propeller tests

provided simultaneous values of 1ift coefficient to form a radial lcoading ¥
curve gll at the same stream Mach number and asdvance ratioc. These measure-

ments of wske survey were thought to present a more reliable picture of

the propeller loading shepe and were used extensively in the present cal-
culations., Cilrculation curves were obtalned from wake-survey measure-

ments at test points close to the advance ratios for which the Theodorsen -
weight functions were calculated. T

The cealculation of Iinduced angle of attack for the five test pro-
pellers was not made for each test point since this would lesd to pro-
hibitive lebor. Rather, a number of loading curves were selected for a
range of advance ratios from light to heavy load for each constant pro-
peller rotational speed or constant tunne} Mach number for the propellers
tested. The radisl distribution of induced angles was obtalned for each
loading curve and these results cross plotted against 1lift coefficient c¢; = =~ 7

for each radial station x. BSince, to the first order, c; = c,, these

cross plots were used directly to apply the results of the calculations o
to the dats. : -

The wake-survey lift-coefficient distribution curves shown in fig-
ures 3 to 7 were used in the present calculation. For the most part the -
curves at low propeller rotational speed and at low forwerd Mach number
do not depert radically in appearance from & Betz load. However, when
the forward Mach number reaches 0.60 and above, the effects of compressi- PR
billty become apparent as more of the outboard sections begin to operate -
ebove their lift-divergence Mach number., An abrupt loss of 1lift occurs
as the lift-divergence Mach number is exceeded. Frequently, as the for-
ward Mach number 1s increased, the section Mach number becomes high enough
to cause some recovery of 1ift, This recovery would be expected to occur
at or above a section Mach number of 1.0 for the thickness of the out-
board sections of most of the propellers tested. These irregularities
in propeller loedings, caused by compressibility and off-design operation,
necessltate use of the methods of analysis which are applicable to arbi- .
trary propellers.

Method of calculatlion.- If in figure 1 the interference velocity
vector wy 1s considered normal to Wy, it can be shown that the induced

angle of attack may be found by

V-
_ 1.1 J
0y = tan v = (1)
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end the section angle of attack may then be determined from
ax = Bx + AB - ¢o - @y . ' (2)

The ratio vl/V in equation (1) mey be found by the formula presented
in reference T as )

k|
[}

o |-~

N

Y=
M

21
3

n -

which may be written as

i_ 1 ar* _ ap
V—hnBXﬁifcxdxdx (3)

where the summation 1s over the number of blades. The weight function
x % is composed of two parts, x g% and x -;—if:-, for the blade con-
sidered. These functions may be found tabulated in reference T.

The function x 4 becomes infinite at the point x;. The contri-

dx
bution A of this function in the region of x; may be found by =
Teylor serles expanslion in %—xr—*— about x;. The formulae from refer-

ence 7 for the contribution of =x gF; in the neighborhood of the singular

point may be written as

A= _blE;lI‘*“ + (l - %— c log %—)P*':l Ax : (k)
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where

A x
b1= = l C = l = l

X+ \2 2 2 o
Va2 + x;° \{1 + (f—l) Morx 1+ (—E;)
J X1

and Ax is the gap at the singular point.

Sample calculation.- In order to show the method of solution and
the expected accuracy of the final answer, an example of the calculation
is performed as follows. Assume a two-blade propeller, 1O feet in diame-
ter, rectangular in plan form, and having an 8-inch chord with a section-
lift~coefficient c¢3 distribution corresponding to a Betz loading for

an advance ratio of 2.0. The c¢; distribution chosen is given in

table 10, It 1is convenlent to convert cy to a nondimensionsl circulation

coefficient by

ol
&yl
s
+
—
3
~—
n

* _
I —CzB

For an Xy = 0.9511, the substitution is

_ 8/12 g_\/ (o.-2511 x\e _
P*0.95ll = o.323(2)< To )2 1+ 2 ) = 0.l21

The quantity vl/V may be computed from equation (3). Since a two-

blade propeller has been assumed, there 1s an x 4P function for the

dx
second blade. This function may be combined with the x %% function
for the first blade in a single graphlical integration as

f(xg_;hxg)m
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which for =x; = 0.9511 gives 0.113. The integral

u/; & ar=
ax

gives 0.669 when a gap of 0.05 in x sbout the x; = 0.9511 point is

excluded from the integretlon. Plots for the sbove two graphical inte-
grations are shown in figure 10, The gep A 1is found by using equa-
tion (4) where Xy = 0.9511, by = 0.5562, c = 0.6906, and Ax = 0.05.

First and second derivatives with respect to x are obtalned from the
propeller circulation-distribution curve as

*'g. 9511 = -1.192 r*"g.9511 = -14.966
Thus, by substitution
= -0.5562%.9511(-14.966) + E - 5(05906)(-358@ (-1.192) p(0.05) = 0.471

A summation 1s made

Z‘0.95].1

: a9 13 4ar
f(xdx+xdx)d.['*+fxdxdr*+A

0.123 + 0.669 + 0.L71

= 1.253
and ‘
&7
= 0.0398(1.253)
= 0.0499
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Whence, from equation (1),

oy, = 1.91°

A complete tabulatlon is made in table 10 for this calculation at

varlous values of propeller radial station x = %. Since a Betz loading
was gssumed in the sample calculation, a comparison of the Theodorsen
results wlth the exact Goldstein-Lock results as given in table 10 pro-

vides a check on the accuracy of the calculation.

Comparison of propeller dats with two-dimensional wind-tunnel section
data.- Propeller section 1ift curves for an NACA 16-307 section at a Mach
number of 0.70 are shown in figure 11 corrected with induced angles of
attack as calculated by ILock's method and as calculated by using the
Theodorsen theory for arbitrary loadings. The propeller data for these
curves were obtained with the NACA 10-(3)(Q66)-03 propeller for a
0.65 redial station and with the NACA 10-(3)(090)-03 propeller for a
0.90 radial stgtion. The two-dimensional data included 1n the figure
for comparison were obtained from reference 10 and have been corrected
for wind-tunnel wall interference by the method of reference 11. This
figure shows the effect of tip relief on lift-curve slope with change
in radial position. The outboard sectlons have lesser slope, a trend
evident throughout the propeller dsata.

The induced-angle-of-attack correctlon for the propeller data 1s
determined by an analysis which presumes that the propeller operates in
an -incompressible, nonviscous fluid, without boundary constraints such
as wind-tunnel wall and spinner body. The influence of compressibility
on the correction is not known but it i1s thought to be small and is
neglected. This appears permissible in the absence of strong shocks on
the propeller. '

Neglect of the effect of spinner and tunnel wall in the present
calculetion may result in overestimation of the induced angle of attack
especially for the inboard statlions of the propellers. In addition, the
effects of the propeller wake distortion caused by slipstream contraction
and the increase of advance ratio for the surface of the propeller helix
in the far wake are neglected, but for lightly loaded pr0pellers, these
effects are smell.

The influence of viscosity on propeller theory is unknown and mey
be apprecieble, The viscous effects include skin-friction drag and
boundary-layer action due to centrifugal forces. These effects are
included in the propeller section data which are presented in references 1
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to 5 and may fepresent part of the .difference shown in figure 11 between
the propeller section data and two-dimensional wind-tunnel resulis, -

CONCLUDING REMARKS

A comparison of the induced angles of attack calculated by a method
using Theodorsen's theory with those calculated by the method of Lock
for five subJect propeliers indlcates that the resulis obtained by using
Lock's method cen be considerably in error for propellers of arbitrary
load distribution.

The lift-curve slope of the propeller section data varies with
radial position, decreases toward the propeller tip, and is generslly
less than that of two-dimensional wind-tunnel airfoil section data.

Because of observed differences, application of the propeller data
to the extension of two-dimensional section data in the transonic range
could be of qualitative nature only.

Langley Aeronautical ILaboratory
National Advisory Committee ‘for Aeronautics
Langley Field Va.
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TABIE 1

THDEX FOR SECTION ANGLE OF ATTACK TABLES

Table for NACA -

a1 [10-(3)(066) -03( 10-(3) (019) -03 [10-(3) (090) 03 10-(5) (066)~03 [10-(0) (066)-03

x propeller propeller propeller propeller propeller

B=2|B=sl|B=2|B=1(B=2|B=1|B=2|B=1|B=2(B=1

0,30 2(a) 4(a) 5(a)

345 3(a)

45 2(b) 3(b) k(p) 5(Db) 6(a)

.50 2(c)

.60 2(a) 3(c) h(e) 5(c) 6(b)

.65 2(e) )

.70 2(£) | 2(1) | 3(a)| 3(3) | a) 5(d) 6(c)

.78 2(g) 3(e) | 3(k) | (e) 5(e) 6(d)

.85 2(h) | 2(m) 3(£) | 3(1) M) | &) 5(£) 6(e) | 6(1)

90 2(1) 3(g) | 3(m) | Mg) 5(g) 6(f)

.95 2(3) | 2(n) [ 3(n)| 3(n) | Xh) 5(h) | 5(3) 6(33

975 | 2(k) | 2(0) [ 3(i) [ 3(e) | (1) 5(1) 6(b

‘\-‘LW

SOTICT W VOVM

£T
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TABLE 2

HLADE SECTION AMGLE OF ATTACK

NACA 10-(3)(066)-03 FROFELLER

(o) x = 0.30; By op = 5% B m 2
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TABLE 2

HLADE SECTION ANGLE OF ATTACK
NACA 10-(3)(066)-03 FROPELIER - Contimnued

(a) x =~ 0.65; BD.T‘j:R -k5% B a2

NACA RM L51L06
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TABLE 2

BLADE SECTION ANRGLE OF ATTACK

RACA 10-(3)(066)-03 PROFELIER - Contimued

(m) x = 0.85; By mmp = 45% B =1

1500 rpm ¥ = 0.57 M= 0.59 . M = 0,61 M = 0.64
I | Mp| x| I | YUp | x| T | Mp| x| T | Mp| = | T | %yg i %x

2.297j1.02|-6.32|2.493]| -0.05]-1.84]2.513] 0. 44| -2.75!2.365| 0.20-0.45]|2.336 |-0.05{-0.15
o2.241|1.29| .58j2.448| .o2|-1.45]|2.468] Ju7|-2.11]|2.334 .27| -.03]|2.308| .05} .18
2.185(1.48) 1.30(2.354| .T7| -.50l2.425| .57|-1.56{2.317] .27| .2hj2.282% .18 .46
2.150{1.69| 1.66|2.325| .84 -.2k|2.3TT} .60] -.86|2.281] .34} .76|2.259| .| .61
2,087/1.87| 2.54i2.298| .99 .0k[2.335| .67| -.30{2.25h4 .42| 1.11]|2.239| .58| .7%
2.036|2.10} 3.18|2.267| 1.12{ .3T7i2.298] .73| .21|2.233] .50| 1.3%{2.218] .75] .91
1.979j2.26| 3.99|2.2k1| 1.23] .67|2.258 .78] .TT7/2.213| .52| 1.6%|2.191| .82| 1.27
1.939|2.48] L.b5i2.213) 1.35] .98|2.219| .87| 1.29{2.183] .68| 1.93]|2.173| .97 1.4
1.89412.76] k.94|2.185| 1.45| 1.33|2.183| .98| 1.73]2.162] .83| 2.10|2.150| 1.0Lk{ 1.71
1.847|2.89] 5.61|2.155| 1.55; 1.72|2.148/1.08| 2.18]{2.1341.03} 2.27|2.125] 1.15| 2.01
1.787|3.04 6.48|2.121| 1.65| 2.16|2.108]1.26] 2.60j2.123|1.18| 2.27|2.106| 1..25| 2.22
1.741{2.98] 7.31]2.096| 1.65| 2.57|2.07Th 1.36| 3.02[2.098]1.32} 2.51|2.094] 1.35| 2.31

2,084 1.64 2.77|2.0431.52] 3.33]2.083]1.54| 2.51j2.063| 1.43] 2.73

2.058| 1.42| 3.41]2.018(1.62] 3.60j2.053|1.77| 2.77|2.035] 1.50| 3.12

2.035) 1.25| 3.95|2.002]/1.68! 3.78|2.039]1.98]| 2.79|2.019| 1.52| 3.37

2.013) 1.27| 4.29 2.020| 2.18| 2.89

2.001|2.31] 3.09
1.977 2.52] 3.31
(n) x = 0.95; Bo_.ﬁR=1{-5°;B=l
1500 rpm M = 0.56 M = 0.59 M = 0.61 M= 0.6}

2.508| -0.10-2.52| 2. 440| 0.26| -1.86|2.336| 0.63| -0.65|2.434| -0.04 |-1.76|2.319]~0.01 |-0. k1
2.4681 ,23|-2.26|2.410| .38]|-1.%43|2.245)1.11| .32|2.353| .53}-1.00|(2.279; .22| -.0k
2.392| .59|-1.50|2.383} .43l-1.07|2.201]1.52 .28i2.320] .95| -.99l2.246| .47} .21
2.353] J77i-1.09|2.361] .57 -.86|2.192/1.77] .76]2.066] 1.62]| -.63|2.212| .68| .52
2,286 1.11| -.38{2.297| .92f -.21)2.172|2.21| .35]|2.239} 1.93| -.54/2.185( 1.08| .53
2.243| 1.25( .17l2.250i1.27] .15|2.148|2.58] .35(2.212| 2.02| -.20i2.167] 1.4ko] .L9
2,176 1.bo| .89j2.228]1.42] .35|2.119(2.93] .k%}{2.188] 2.40| -.24]2.154] 1.67| .hk2
2.129| 1.55| 1.83(2.208|1.54 .54|2.098|3.23| .45]|2.163} 2.58| -.06/2.130| 1.83| .64
2.082| 1.82( 2.41]|2.170]1. 74| .95|2.076|3.527 .50(|2.137] 2.65| .e3(2.11:t| 2.01| .76
2,024 2.14] 3.14{2.1841.98} 1.15]|2.057}3.64| .66]2.117| 2.88| .28|2.087) 2.12/ 1.02
1.975 2.59] 3.58|2.119|2.13] 1.39{2.032|3.96| .71[2.090f 3.17| .b41|[2.069] 2.27| 1.16
1.928] 3.09( 3.93|2.102(2.53| 1.27|2.013|4.18] .T76|2.073| 3.25| .59j2.0hk9( 2.32| 1.43
1.861] 3.97| L.2k|2.073}2.86} 1.ki[1.992/k.31] .9ki2.0kg] 3.k0| .81i2.032| 2.42] 1.60
1.8155 4.46| 4.54]2.052]3.17] 1.4%1.970|L4.36| 1.21|2.025] 3.58| 1.02|2.013] 2.48] 1.83
1.764| 5.06) k.79|2.031|3.70| 1.28|1.951| 4.4h} 1.42|2.003| 3.72] 1.25
1.697| 5.20 5.72]2.013]3.86} 1.37(1.929|4.49| 1.7111.983 3.86( 1.45

1.993| h.1b4] 1.k2 1.965) 3.98| 1.64

1.971 ¥.55| 1.35 1.946 k.17| 1.78

1.949f k.61} 1.6k

1.930) 4. 77| 1.78

1.908| 4.81| 2.09

1.883f k.93| 2.37
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TABLE 2

BIADE SECTION ANGLE OF ATTACK

NACA 10-(3)(066)-03 PROPELIER - Concluded
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TARLE 3

ELADE SECTION ANGLE OF ATTACK
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TARLE 3

HADE SFCTION AMGLE OF ATTACK

MACA 10~(3)(049)-03 PROPELIER - ﬂuntinulad.
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TARLE 3

ELATE SECYTON AWGLE OF ATTACK

McA 10-(3)(049)-03 PROFELIER - Continued

(e) x = 0.78; ao‘m m15% B w2
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TABLE 6

BLADE SECTION ANGLE OF ATTACK
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1.976}1.76]5.35 2.110|2.75|2.47(2.031|3.85]2.38|2.037|3.25| 2.T7]|2.056}3.10|2.53
1.955]1.91|5.52 2.091|3.02]2.48(2.012| k.02|2.47|2.01813.35] 2.92|2.028(3.33|2.68
1.937|2.00|5.69 2.05113.h0[2.69]1.992| k.24 |2.53]1.998|3.59 | 2.96] 1.993|3.53{2.95
1.91212.10|5.97 2.040(3.55| 2. 70|1.97h| k.56 |2.46{1.9T7{3.87] 2.86
1.892|2.34|6.01 2.025|3.93|2.53|1.94815.00(2.38|1.956|4.28 | 2.83
1.930]5.27(2.36]1.933i4.48 | 2.94
‘ﬂ‘ﬂ“;'pr

T
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TABLE 7
FINCTION xg AGAINST x
[7=2.0]
I

. 0.1564 | 0.3000 | O0.k540 | 0,5878 | 0.70TL 0.8090 | 0.8910 0.9511 0.9877 1.0000
0.156% = e.874 | o0.h01% | o0.2571| 0.2950| o0.169%| 0.1496| 0.1419 0.1384 | ©.137%
2170 2.0280 .6950 o068 .2937 2400 .2125 .1982 .1913 .1892
. 2500 3.6757 9295 .5103 3572 2862 .2500 .2310 L2217 .2190
.28%0 10.0019
3000 | -2.0087 @ 1.6227 .T568 .kosé 3820 .3952 2955 .2810 . 2766
.3340 -12.2616
4200 13.6107
JA5ho [ -1.4906 | -2.9126 « 23247 | 1.1331 .T480 . 5887 .5100 L5 4613
4790 -15.9764
5698 16.0892
5878 | -1.3003 | -1.9162 | -3.721% w 3.0836 | 1.5263 | 1.0583 .B586 . T69h LTh3h
.6128 -18.4672
6821 17.7593
JTOTL | -1.1948 | -1.5617 | -2.3138 | -h.5h28 ® h,0382] 2.0833| L1.5072 1.2834 | 1.2216
.T32L ~20.0508
é"ggg . 18.8784
. -1.1265 ( -1.3765| -1.B289 | -2.7571 | -5.5400 o 5.4385 | 2.9687 2.2948 | 2.1284
830 -21.1419
.B660 _ 19,6181
.8910 [-1.0803 { 1.26% | -1.5687 | -2.1631 | -3.3538 | -6.9988 o ‘7.8916 hor2hg | k. 14kB
.9160 . |-21.8156
L9261 . 20,0860
9511 | -1.0500 | -1,1986 | -1.456T7 | -1.887h | -2.6601 | -k.3067 | -9.5423 ™ 13.6321 | 10.053k
9761, -02,2313 LY, goks
9827 105.6547
9877 |-1.0327 | -1.1620 | -1.3888 | ~1.7966 | -2.3767 | -3.5377 | -6.1846 | -15.4497 o ho 728
.9027 -108.3835
9977 -5.6625 | -12,3003 | -54%.7ho2 {231.6840
1.0000 |-1.0270 | =1.1503 | ~1.3676 | -1.717% | -2.206k | -3.3433 | -5.5558 |-11.7968 | -bk.69h3 w
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TABLE 8

FUNCTION -x %% AGATNST x

(5= 2]

=1
x 1 0.1564 | 0.3090 | 0.4540( 0.5878 | 0. 7071 | 0.8090 | 0.8910} 0.9511 | 0.9877 | 1.00
0.1564 | 0.0038 | 0.0113 | 0.0208| 0.0300 | 0.0389 |0.0450 | 0.0523 | 0.0582 [ 0.0622 | 0.0633
.3090| .0160| .0318| .0489} .0627| .oTh2 | .0809 | .0918 | .0982 | .1021 | .1032
Asho| .0348| .o0610| .0822| .0969 | .1l02 | .1168 | .1279| .1339 | .1379 | .1396
58781 .oskl| .o901| .1171f -1310( .1459 | .1530 | .1613| .1672| .1T20 | .l7k2
J7o71| .o728| .ai7r!| .1b60] L1621 | L1777 | 1861 | .1930) .2001 | .2053 | .2080
.8090| .0875| .1390| .1683] .1881| .2030 | .2138; .2211f .2299 | .2359 | .2383
89101 .0996| .1529| .1859| .2081 | .2230 | .2357 | .2u59 | .2569 | .2628 | .2656
95111 .109k| .1631{ .1990| .22194 .2378 | .2%09 | .2661 | .2780 | 2832 .28T1
08771 .11k9{ .1682] .2069( .2308¢ .2hk1 | .2500 | .2781| .2018 | .2960 | .2999
1.00 1601 17087 .2092| .2336 1 .2469 | .2611 | .2829| .2960 | .3002 | .3043
NGRS

o
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FUNCTION

TABLE G

dar
-y —
ax

AGATNST x

_[Jm2;0f0r3=2:l

X

1 0.156k | 0.3090 | 0,4540 | 0.5878 | 0.7071 | 0.80%0 | 0.8910 | 0.9511 | 0.987T | 1.00
X
0.1564 | 0.510 |o0.277 |0.185 [0.132 |0.098 |0.080 |0.067 |0.059 | 0,057 | 0.056
.3090 | .6T2 465 .330 052 .196 .162 .139 .125 119 17
Asko | o126 | .565 | W32 | .345 | 261 | .233 | .20k | 186 | .11R | .167
58781 .0 619 490 Aok .339 | .2901 .256 .233 217 211
LTO7L | .82 657 [ .530 AT | L387 343 305 275 .258 .252
.80g0 | .82k .693 .578 495 L3k .390 349 .313 204 .289
8910 | .859 | .T728 .62k 540 L5 26 .384 347 .328 .323
gom | .88% | .58 | 658 | 576 | .507 | .453 | .BOB | 373 | .355 | .350
L9877 | .897 | .T80 .68 .600 .528 469 JL2h 394 .37 .368
1.00 .901 | .T87 .690 607 534 RN 31 o2 .361 .37h

W

90TIGCT W VOVN

iy




TABIE

i0

SAMPTE CALCULATION OF INDUCED ANGIE-OF-ATTACK DISTRIBUTTION

x) 0.1564| 0,3090!0.4540] 0,5878] 0.7071| ©0.8090} 0.8910] 0,9511 0.9877
Cz -m -722 -835 18)4'3 IT@ 0637 -h‘ae 0323 -151
* L0045 | L1673| .2137¢ .2391( .2393| 2147l .1728 .1210 0581
r*f 545 397 | .260 L105 | -,111 | ~.391 | ~.66k | -1.192 2.583
r*n -.582 |-1.081 |..983 j-1.k65 |-2.416 [-2.711 [-5.299 [-14.966 |-159.69
f (x%% + x-&-)dr-* .110 132 | .136 .132 127 122 117 .113 .110
xg ar* 33 | 222 | 488 | 760 | .933 | .963 | .ok .669 .216
A -~ 145 | ~.009 | .O0L .02k L065 094 .180 Ryl .895
z .098 35 | L6285 .916 | 1.125 | 1.179 | 1.24k 1,253 1.221
v /V .0039| .0137| .0249| .0365| .ouu8| .ohég| ,ok95| .o0k99 .0h86
@y .90 | 1.62 |2.00 | 2,26 | 2.31 | 2,12 | 2,03 1.91 1.79
ayy 1.66 [|2.02 | 2.15 |2.16 | 2.12 | 2.08 2.03 2,00
percent error 2.k 1.0 5.1 6.9 0 2.4 5.9 10.5
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